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Abstract 
The CdS/ZnS core/shell quantum dots (QDs) are synthesized in a water-in-oil (w/o) microemulsion system (reverse micellar 
method). The thickness of the shell is controlled by the molar ratio of water-to-surfactant (R), and the final particle size increases 
with the increasing of R ratio. The optical properties of CdS/ZnS QDs at room temperature are studied through absorption spectra
and photoluminescence (PL) spectra, and the PL peak shows a strong blue shift while the R ratio decreases.  
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1. Introduction:  
The II-VI group semiconductor quantum dots (nanocrystals) have attracted much more attention due to their 
unique size dependent optical and electrical properties in the recent years. This kind of semiconductor includes CdS, 
ZnS, CdSe, ZnSe and so on. Among them, the CdS quantum dots were studied extensively investigated for its light-
emitting potential application [1, 2]. CdS is a typical II-VI group semiconductor with an energy gap of about 2.4 eV 
(Bulk). The luminescence wavelength can be easily tuned from blue to red by controlling the particle size [3-5].  
The luminescent property of CdS nanoparticles has been studied [6, 7] and found the emission wavelength of 
these nanoparticles depended on the excitation wavelength [7]. To improve the luminescent property of CdS 
nanoparticles, some core-shell structures are prepared in many synthesis methods [8-11]. The shell materials can 
carry out surface passivation and prevent nanoparticles from agglomeration. At present, the core/shell CdS/ZnS and 
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CdS/Zn(OH)2 quantum dots related to impurity (Mn
2+ etc.) and capped materials have been prepared to investigate 
their optical properties [11-13].  
In present work, CdS quantum dots were prepared by a modified reverse micellar method in order to further 
understand the luminescent characteristic of CdS nanoparticles, while the ZnS is chosen as the shell material for its 
better charge and size compatibility with CdS [14]. A series of CdS/ZnS core/shell quantum dots samples has been 
prepared. The optical properties of the CdS/ZnS core/shell quantum dots were investigated.  
2. Experiment:
The CdS/ZnS Core/shell quantum dots were prepared by reverse micellar method [9-11]. Cd(NO3)2.4H2O (AR, 
99.0%), Na2S.9H2O (AR, 98.0%), Zn(NO3)2.6H2O (AR, 99.0%), sodium dodecyl benzene sulfonate (SDBS, 
C18H29NaO3S, AR) and normal heptane (97%) was purchased from Sinopharm Chemical Reagent Co., Ltd (SCRC). 
Cadmium nitrate and sodium sulphide solutions were taken as precursors for the synthesis of the CdS core. An 
amount of sodium dodecyl benzene sulfonate (SDBS) was dissolved in heptane to prepare 0.1 M SDBS solution as a 
surfactant solution. All chemicals were used with no further purification. A w/o microemulsion solution containing 
Cd(NO3)2 was prepared by mixing the appropriate volumes of aqueous Cd(NO3)2 solution with the SDBS stock 
solution to yield microemulsions with the certain water to surfactant ratio (R) value [15]. The Zn(NO3)2 and Na2S
microemulsions were prepared in the same way. In our experiment, we enhanced the solution volume and the water 
to surfactant ratio R and the reaction volume, making the production quite plenitudinous. After the CdS Core is 
formed, the Zn(NO3)2 microemulsion is added slowly (about 1ml/min) to the mixture to react with the excessive 
Na2S. After 1 hour’s reaction, the CdS/ZnS core/shell quantum dots were formed. All the experiments were 
conducted at a room temperature of 28 ć. After filtration and purification, the quantum dots powder sample was 
achieved. The absorption spectra were measured with a UV3700 scanning UV-Vis-NIR spectrophotometer. The 
excitation spectra and luminescence spectra at room temperature was obtained by a steady / transient state 
fluorescence spectrometer.  
3. Results and discussion:
The transmission electron microscope (TEM) pictures of the CdS/ZnS core/shell quantum dots are shown in 
figure 1. As seen in Fig.1, the quantum dots can be distinguished in the pictures, though not very clearly, with a 
typical particle size of about 5 nm. Some clusters can be also found.  
Figure 1. The transmission electron microscope (TEM) images of CdS/ZnS core/shell quantum dots. 
Figure 2 shows the X-ray powder Diffraction (XRD) patterns, three main diffraction peaks can be spotted in the 
graph, which can be indexed as the (111), (220), (331) diffraction peaks (the three strongest lines) of the cubic zinc 
blende CdS. No miscellaneous peak can be found in the XRD patterns, so no other phases were formed in the 
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sample. The three strongest lines of bulk CdS (cubic, zinc blende) and ZnS (Cubic, zinc blende) are shown in the 
bottom and the top of the graph respectively. The positions of diffraction peaks of the CdS/ZnS Core/shell quantum 
dots are closer to the bulk CdS than the bulk ZnS. It shows no alloy material formed; otherwise the diffraction peaks 
should be closer to the bulk ZnS. It is obvious that the diffraction peaks of the CdS/ZnS core/shell quantum dots are 
much broader than the bulk CdS, which caused by the quantization effect.  
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Figure 2. The X-ray powder Diffraction (XRD) patterns of CdS/ZnS Core/shell quantum dots. The standard 
diffraction patterns of zinc blende bulk CdS (blue lines) and ZnS (red lines) are shown on the bottom and top of the 
graph.  
The absorption and photoluminescence (PL) spectra are shown in Fig. 3. A clear absorption edge at about 
480nm can be observed in the graph. This refers to the energy band gap of CdS/ZnS quantum dots, blue shift occurs 
compared to the bulk CdS materials (with an energy gap of 2.42 eV), but red shifts relative to the core CdS quantum 
dots because of the size effect induced by the shell cap. The PL peak is located at 560 nm, with an excitation 
wavelength of 375 nm. The PL peak is rather broad; this may due to the disuniformity of the quantum dots sample. 
The small discontinuity appeared at 650nm is caused by some equipment problems.  
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Figure 3. The absorption and photoluminescence (PL) spectra of CdS/ZnS core/shell quantum dots. The excitation 
wavelength of PL is 375 nm.  
The excitation spectra for 560 nm emission light are shown in Fig.4. From 270 nm to 325 nm, the intensity of 
excitation light maintains higher. While at 460 nm, there is another smaller excitation peak, this may be caused by 
ZnS capping. The PL spectra with different excitation wavelength are shown in Fig.5. All the intensity of the PL 
peaks is higher. From 270 to 375 nm, the PL intensity increases with the excitation wavelength, and the peak 
position slightly shifts to red. At the excitation wavelength of 375 nm, the intensity of PL reaches the maximum. For 
the PL peak under the excitation wavelength of 460 nm, its intensity is relatively low, and has an obvious red shift. 
Related to the small peak at 460nm in the excitation spectra, the large red shift of the PL peak are also caused by 
ZnS capping. The 460nm exciting light can only activate the CdS core, not the ZnS shell, so the overall PL intensity 
decreases, and the peak position shifts to red. At all excitation wavelength, the full width at half maximum (FWHM) 
of the PL peaks are rather large; this may be caused by the asymmetry of the quantum dots sample. All the 
discontinuities appeared under all excitation wavelengths are due to equipment problems.  
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Figure 4. The excitation spectra of CdS/ZnS core/shell quantum dots for 560 nm emission light.  
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Figure 5. The PL spectra of CdS/ZnS core/shell quantum dots with different excitation wavelength.  
4. Conclusion:  
In summary, a modified method of preparing CdS/ZnS core/shell quantum dots has been applied and a great 
amount of quantum dots samples has been produced. The XRD patterns and the absorption spectra show the purity 
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of the quantum dots sample. The PL spectra at different excitation wavelength have been measured, and find the 
FWHM of PL peak is rather large due to the asymmetry of the sample. 
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